SUMMARY -Peripheral nerve injuries in sports are rare. Peripheral nerve injuries in sports are caused by pressure, stretching, or bone fracture. Peripheral nerve injuries are more frequent on upper limbs, and the type of injury is determined by the type of sport. According to Seddon, we distinguish 3 levels of injury: 1) neurapraxia; 2) axonotmesis; and 3) neurotmesis. Diagnosis must be reached as early as possible to enable timely initiation of appropriate treatment. Th e diagnostics of peripheral nerve injuries includes electromyography and nerve conduction studies, somatosensory evoked potentials, magnetic resonance imaging, and ultrasound. Proximal nerve injuries have a poorer prognosis for neurologic recovery.
Introduction
Peripheral nerve injuries occur during sports training or competition. According to Hirasawa and Sakakida, peripheral nerve injury accounts for less than 0.5% of sports-related injuries 1 , while the prevalence of peripheral nerve injuries is 1.3%-2.8% beyond sports activities 2 . Peripheral nerve injuries can be presented with sensory, motor or function disorder. Nerve injuries are categorized as neurapraxia, axonotmesis and neurotmesis 3 . Neurapraxia as temporary rupture of the nerve impulse delivery occurs with nerve demyelination at the site of injury without rupture of nerve continuity. Complete recovery is achieved upon remyelination, which can take up to 12 weeks. Axonotmesis is rupture of axon and degeneration distal from the site of injury and proximal to the next Ranvier's node. Regeneration of the axon proceeds from the site of injury to peripheral organs, at a rate of 1 mm/day. Neurotmesis is complete interruption of nerve continuity without the possibility of spontaneous function recovery.
Peripheral nerve injury is classifi ed as acute, subacute and chronic. Acute injuries are the result of immediate compressive, stretch or laceration forces applied to the nerve. Subacute and chronic nerve injuries are the result of overuse injuries. Overuse injuries is a term used for a variety of conditions that cause discomfort or pain in the muscles, joints, tendons, nerves and soft tissues of the human body. Overuse injury develops as a result of numerous factors such as constant repetition of one and the same movement, permanent muscular contraction or strain, and violent movements; thus, the overuse syndrome is referred to as a gradual injury process 4 . Th e mechanism of overuse injury development includes athletic training regimen, relevant equipment, and periodization. Th e term periodization means systematic training planning with cyclic peak performance in training and with appropriate rest 5 .
Diagnosis
Th e diagnosis of peripheral nerve injuries is based on history and clinical examination with good knowledge of the anatomy of the specifi c body regions. It is very important to defi ne the location of the injury, so that sensory and motor damage can be distinguished.
Acute peripheral nerve injury is usually the result of a direct mechanical action such as stretching due to dislocation or bone fracture, and laceration. Subacute and chronic injuries are the result of repetitive stretching due to articular-muscular structure disorders. Needle electromyography (EMG) and nerve conduction studies are important for distinguishing the main types of damage, as follows: complete loss of axons (neurotmesis); partial loss of axons (axonotmesis); and demyelination (neurapraxia). In case of neurotmesis, there is complete discontinuation of the peripheral nerve continuity, autonomic denervation, and severe damage to vasa nervorum. In case of axonotmesis, there is complete muscle denervation along with the preserved nerve continuity and part of the autonomic fi bers and neural microvascularization. In case of neurapraxia, there is functional block of the conduction due to demyelination; spontaneous recovery is a rule but is enhanced by physical rehabilitation. Diff erentiation of axonotmesis and neurotmesis is based on careful clinical examination. We diff erentiate degenerative and regenerative phases. In the degenerative phase, within 100 hours, gradual reduction of the evoked muscle response and loss of irritability in distal parts of the nerve occur. Th e motor and sensory velocities are normal until the complete loss of the compound motor action potential (CMAP). Spontaneous activity of the type of fi brillation occurs after 3-4 weeks on the hands but later on the feet 6 . In the regenerative phase, regenerative shoots without myelin capsule are produced and their conductivity is less than 5 m/second. Th e threshold of irritability is exceptionally high (20 to 100 times higher than the proximal part). Th e speed of regeneration is 1-3 mm per day. In case of partial nerve injury, regeneration is faster. Owing to collateral reinnervation, the compensatory activity of the fast repetitive potentials is recorded already after 10-14 days. After 2-3 months, depending on the length of the distal segment, reinnervation potentials are recorded. In proximal peripheral nerve lesions, especially in brachial and lumbar plexus and lateral femoral cutaneous nerve, somatosensory evoked potentials may be additionally used. In acute nerve injuries, magnetic resonance imaging (MRI) can provide important data for making a decision on surgical treatment. MRI may show early damage to peripheral nerve, whereas EMG cannot. In case of subacute and chronic injuries, the second cause of nerve damage can also be detected (nerve tumor, cyst) 7 . Ultrasound is a method that is rarely used and can provide data on the dynamic connection of the nerve and joint during movement 8 .
Clinical Presentation

Spinal accessory nerve injury
Th e spinal part of accessory nerve is the motor nerve. Th e external brunch innervates trapezius and sternocleidomastoid muscles. It lies in the region of the neck, superfi cially, just behind the scalene muscles. Because of the surface position, it is exposed to direct impact damage (Fig. 1) . Acute injuries occur in contact sports such as judo, karate, kickboxing, football, lacrosse and hockey. Motility weakness is not involved in sternocleidomastoid muscle because nerve injury is usually below the innervation site. Motor weakness persists for about 3 months. Initial treatment includes physical therapy to maintain motor skills. If there is no recovery after 6 weeks, it is necessary to do needle EMG with nerve conduction studies. Th e reinnervation potentials can be found in trapezius muscle. If there are no reinnervation potentials and no motor recovery, surgical treatment is required. Th e athlete returns to sports training only after full normalization of shoulder function 9 . 
Long thoracic nerve injury
Th e long thoracic nerve is formed by fusion of the C5 and C6 spinal roots. It moves laterally from the brachial plexus to the clavicle and runs down along the anterolateral chest wall where with many branches it innervates the anterior serratus muscle. Due to partial superfi cial exposure, it can be injured in the action of acute force. Th e most common injury occurs after chronic recurring heavy shoulder strains in sports such as archery, bodybuilding, judo, karate, tennis, volleyball, wrestling and golf 9 . Clinical fi nding is typical, i.e. the 'winged scapula'; because of muscular weakness, the scapula lifts up and moves upwards and laterally (Fig. 2) . Because of the scapula shifts, abduction in the shoulder above the horizontal is disabled. EMG and nerve conduction studies fi nd neurogenic lesion in the anterior serratus muscle. Treatment is long-term physical therapy. Recovery is expected within 2 years. the shoulder, and examination can reveal weakness, often with atrophy of the infraspinous and sometimes supraspinous muscle. EMG and nerve conduction studies show selective denervation in the supraspinous or infraspinous muscle, or both. In the diagnosis, we use ultrasound and MRI, which can provide data on other causes of damage. Treatment includes rest and physical therapy 10 . Operative treatment is indicated for refractory cases.
Fig. 2. Long thoracic nerve -'winged scapula'.
Suprascapular nerve injury
Th e suprascapular nerve arises from the C5 and C6 roots through the upper trunk of the brachial plexus and is a mixed sensory-motor nerve. Th e motor branch innervates the supraspinous and infraspinous muscles (Fig. 3) . Rarely, the nerve is injured in acute mechanical action. Th e nerve is most commonly injured by recurrent hyperabduction movements in the shoulder, especially in the athletes playing baseball, volleyball and tennis. Clinical picture is characterized by pain in Fig. 4 . Axillary nerve -damage. 
Axillary nerve injury
Th e axillary nerve arises from the posterior cord of the brachial plexus and contains fi bers of the C5 and C6 roots. Th e nerve lies laterally from the radial nerve, runs laterally and passes under the shoulder joint and goes to the deltoid muscle. Th e most common axillary nerve damage is acute trauma, usually associated with fracture or dislocation of the humerus (Fig. 4) . Th e nerve damage makes abduction of the arm diffi cult or impossible 10, 11 . Atrophy of deltoid muscle and sensation impairment occur. Partial nerve damage is treated by physical therapy and complete damage by surgical intervention. Th e athlete returns to the training regimen after full recovery.
Median nerve injury
Th e median nerve arises from the lateral and medial cord of the brachial plexus and surrounds the lower part of the axillary artery. It runs down the upper arm, lying sideways from the brachial artery and the brachial muscle separates it from the elbow. In the forearm, the median nerve passes between the two heads of the pronator teres muscle. It runs down below the superfi cial fl exor muscle of fi ngers, lying on the deep fl exor muscle of fi ngers, up to about 5 cm from the transverse carpal ligament, and then passing behind the transverse carpal ligament on the palm of the hand. On the upper arm, the median nerve does not provide motor innervation but provides sympathetic fi bers for the walls of the brachial artery. On the forearm, the median nerve innervates most of the fl exors. On the palm, the median nerve innervates thenar muscles. Sensory branches innervate the palmar aspect of the hand, including the fi rst three digits (Fig. 5) .
Pronator teres syndrome is one of the three common median nerve entrapment syndromes. Pronator teres syndrome has been described in archery, baseball, weightlifting and racket sport. Th e median nerve compression is usually the result of excessive and repetitive movements in the elbow and forearm. Th e median nerve is compressed by two heads of the pronator teres muscle. Clinical symptoms are pain in the volar area of the forearm, especially on pronation motions. Th ere is pain over the pronator teres, and weakness of the fl exor pollicis and abductor pollicis brevis is less common. EMG and nerve conduction studies show mild slowing of motor velocity to the proximal part of the forearm with normal distal latency and sensory potential parameters recorded on the wrist 12 . Dynamic ultrasound imaging can help localize the site of compression. Treatment is physical therapy. Sometimes pain can be reduced by the use of corticosteroids and anesthetics. Resistant cases include surgical intervention.
Carpal tunnel syndrome is the most common compressive syndrome of the arm. It is the result of strong pressure in the wrist and is most commonly found in . Treatment includes physical therapy, sometimes using corticosteroid injection in the carpal tunnel space. Surgical decompression of the carpal tunnel is indicated in refractory cases.
Ulnar nerve injury
Th e ulnar nerve is a mixed nerve (C8-T1). With its motor fi bers it innervates the muscles of the forearm and fi ngers, and with sensory fi bers it innervates the skin of fi nger V and part of fi nger IV. Th e most common damage to the ulnar nerve is in the area of the elbow (Fig. 6) . Th e ulnar nerve can be injured by a direct blow to the back of the elbow in contact sports. functional rehabilitation. Sometimes the use of corticosteroids and anesthetic injections may alleviate the symptoms. Surgical transposition or decompression of the ulnar nerve is indicated in refractory cases. Th e second place of compression of the ulnar nerve is on the hand (Guyon's canal syndrome). Th is is a direct compressive injury in wheelchair athletes, cyclists, crosscountry skiers and snowmobilers. Treatment includes physical therapy, supportive braces or specialized gloves during training and competition.
Radial nerve injury
Th e radial nerve is formed from the posterior cord of the brachial plexus. Th e radial nerve descends from the axillary region, traverses the humerus spirally through the sulcus radialis and gives the motor branch for the triceps brachii muscle. It is lowered on the forearm where it gives motor branches for the extensor muscle group. Th e radial nerve provides sensory innervation to the dorsal part of the upper arm and forearm, and radial part of the palm 14 . Th e radial nerve is most often damaged in the radial sulcus on the upper arm. In athletes, it most commonly occurs as a result of excessive and repetitive elbow extension (racket sports, tennis). Clinical signs are weakness of the extensor muscles of the hand and weakness of the brachioradialis muscle with preserved function of the triceps brachii muscle. Sensory damage aff ects the skin of the dorsolateral hand. EMG and/ nerve conduction studies show spontaneous denervation activity after 14 days. Motor velocity can be slower on the upper arm (Erb's point). Th e fi rst signs of recovery are reinnervation potentials in the brachioradialis muscle. Th e posterior interosseous nerve can be pressed when passing through the two strata of the supinator muscle (Fig. 7) . Th e function of the brachioradialis and extensor carpi radialis muscles is preserved. Clinical sign is deep pain in the back of the forearm with gradual development of weakness of the fi ngers. Treatment includes rest and physical therapy, whereas surgical intervention is indicated in refractory cases.
Lateral femoral cutaneous nerve injury
Th e lateral femoral cutaneous nerve arises from the spinal roots L2 and L3. Th e nerve passes under the ilioinguinal ligament and provides sensory innervation of the lateral half of the thigh (Fig. 8) . Lateral femoral More commonly, ulnar nerve is damaged by compressive forces at the elbow 11 . Clinical signs include paresthesia, hypoesthesia to anesthesia, and pain in the innervation area of the ulnar nerve. Later, there is hypotrophy of the dorsal interosseus and the hypothenar muscles. EMG and nerve conduction studies show slowing of motor velocity in the elbow segment, and reduction of the sensory nerve action potential on the hand and later slowing of sensory velocity. Dynamic ultrasound can show the ulnar nerve subluxation or compression at the elbow. Treatment includes rest and cutaneous nerve can be damaged in contact sports (football and rugby), jumping sports (gymnastics with repetitive fl exion and extension in the hip), or with compression from external gear (scuba diving) 15 . Clinical signs include pain, paresthesia and numbness of the lateral half of the thigh. Th e symptoms are most pronounced during the night. EMG and nerve conduction studies are diffi cult to perform due to the high nerve variability. EMG fi ndings in the quadriceps femoris and clinical signs confi rm the diagnosis. Somatosensory evoked potentials may indicate a peripheral delay. In the treatment of pain, we use analgesics, antidepressants and anticonvulsants 16 . Th e use of corticosteroids can sometimes alleviate the symptoms. With regard to certain sports, it is necessary to change the way of training and using sports equipment.
Femoral nerve injury
Th e femoral nerve arises from the spinal roots L2, L3 and L4 of the lumbar plexus. Motor innervation is provided to the iliopsoas and quadriceps muscles. Sensory innervation includes anterior and medial thigh and anterolateral legs below the knee (saphenous nerve) (Fig. 9) . Acute femoral nerve injury occurs during collision, often with hyperextension (gymnastics, football, dancing, long jumping, basketball, ballet dancing, bodybuilding, cross-country skiing). Clinical signs include inguinal pain, thigh numbness and leg weakness. Th e knee refl ex is absent and atrophy of the quadriceps is visible. Th e knee moves inside and socalled 'genu recurvatum' occurs. It is diffi cult to stand up. Th e loss of sensation is on the front of the thigh. EMG and nerve conduction studies show increased femoral nerve latency, reduced amplitude of compound muscle activity potential, and evidence for denervation in the quadriceps femoris 17 . Th e femoral nerve damage is traumatic; in the diagnosis, we use MRI of the pelvis to prove the possible hemorrhage of the iliopsoas muscle and surgical treatment.
Peroneal nerve injury
Th e common peroneal nerve (L4-S2) is a smaller branch of the sciatic nerve. From the upper corner of the popliteal fossa, it runs along the median edge of the biceps femoris and passes around it. Th e nerve goes around the neck of the fi bula and comes to the lateral part of the lower leg. It is divided into two branches, superfi cial peroneal nerve and deep peroneal nerve. Th e common peroneal nerve innervates the front and lateral muscle group in the lower leg and foot muscles. Th e common peroneal nerve innervates with sensory fi bers the skin of the anterolateral side of the lower leg and top of the foot (Fig. 10) .
Th e common peroneal nerve injury in sports can develop as an acute traumatic event or as overuse injury (Fig. 10) . Because of its superfi cial position, the nerve is subject to blunt trauma, especially in sports such as hockey, soccer and football. Clinical signs are sudden In many cases, the activation of mechanical forces causes transient weakness of the foot that recovers within a few minutes (damage to the level of neurapraxia). Th e common peroneal nerve may be injured upon the knee or ankle injury when nerve strain occurs, causing foot pain and weakness. EMG and nerve conduction studies should be obtained at 3-4 weeks of the injury, demonstrating slowing of motor velocity. Th e choice of treatment is physical therapy. A special form of the peroneal nerve injury occurs in runners 19 . Th e nerve can be compressed by the muscle fascia. Athletes usually have no symptoms at rest or walking but pain, paresthesia and foot drop develop on running. EMG and nerve conduction studies are performed before and after running and can prove nerve entrapment. Sometimes fasciotomy can alleviate the problems. Increase in the hydrostatic pressure in closed osteofascial space results in reduced perfusion of the muscle and nerves within the compartment 20 . Such a pathophysiological process occurs in the lower leg region, especially in runners. Clinical signs are pain and paresthesia in the front or lateral side of the lower limb, which gradually worsen with prolonged running. Sometimes, the runners develop foot weakness. Diagnosis involves careful history, and pre-and post-traumatic examination. EMG and nerve conduction studies are performed as follows: at 1 hour -normal conduction; 1-4 hours -neurapraxic damage reversible; and 8 hours -axonotmesis and irreversible change. Treatment includes rest and recovery from running, but sometimes it can require fasciotomy 21 . Th e deep peroneal nerve can be injured in the area of crossing from the ankle to the foot. Th is can usually be seen in skaters and skiers when inappropriate sports equipment compresses the nerve in the ankle area. Th e nerve damage is at the level of neurapraxia and passes without consequences after proper adaptation of sports equipment.
Tibial nerve injury
Tibial nerve is a branch of the sciatic nerve. It separates in the knee area. It arises from the spinal roots L4 to S1. Th e tibial nerve innervates the muscles of the back of the lower leg and the sole of the foot (Fig. 11) . Th e tibial nerve injury can be caused by compression in the tarsal tunnel or upon ankle injury. Tarsal tunnel is a bone tunnel where the posterior tibial nerve can be strangulated 22 . Clinical signs are pain and paresthesia in the median part of the sole of the foot, tingling in the area of the thumb, more often at night and after long standing, walking or running. Tarsal tunnel syndrome is diffi cult to diagnose because athletes have normal examination. EMG and nerve conduction studies show prolonged distal latency in the fl exor hallucis brevis muscle and reduction of the CMAP. Th e values of sensory velocity are highly variable. In the treatment, analgesics, rest and sometimes injections of corticosteroids are used. In refractory cases, neurolysis can reduce the symptoms 23 .
Pudendal nerve injury
Th e pudendal nerve arises from the spinal roots S1-S4. Th e pudendal nerve innervates external genitalia of both sexes and the skin around the anus and perineum. Th e pudendal nerve entrapment (Alcock canal syndrome) is caused by prolonged sitting on bicycle seat (cyclists). Clinical signs are pain in the pelvis, frequent micturition, genital pain, rarely urinary incontinence, and partial erectile dysfunction (male). Th e symptoms disappear quickly and rarely persist for weeks or months. Somatosensory evoked potentials can be used in diagnosis. Th e fi nding of prolonged latency indicates nerve damage. Treatment involves rest and biomechanical analysis of the bicycle seat 24 .
Conclusion
Peripheral nerve injuries in sports are rare. Th ey occur as a result of acute injuries. Chronic injuries are overuse injuries or the result of muscle and joint damage, rarely as a result of inappropriate sports equipment. Treatment involves physical therapy, analysis of nerve injury mechanisms, and occasionally surgical treatment. 
